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TNE WNlt/PSR FACILITY - NEUTRON PHYSICS CAPABILITIES PROM
SUB-THERMAL TO 800 PtEV

P.W. Lisowski, S.A. blender, ●nd G.F. Auchampaugh
Los Alamos National Laboratory, Las Alamos,
New Mexico 87545

..~ The Weapons Neutron Research facility (UNR) is ●

versatile pulsed neutron source used in ● variety of
research programs ranging from fundamental neutron
properties with ultra cold neutrons to ❑edium energy charge
exchange reaction studies, Here we describe the UNR
facility ●nd the improvements preeently in progress ●s the
Proton Storage Ring (PSR) becomes operational.

UURQQ!JLUQN

The Weapons Neutron Research facility (UNR)112’3 ham been
operational since 1977 as a pulsed spallation neutror, source at

Los Alamos National hborat~ry. At the WNR a part of the 800 llaV
proton beam from the Clinton P, Andermon Meson Physics Facility
(IAMPF) bas been used used to either provide ● white neutron
sou:ce for Nuclear Physics and Condensed flatter research or for
proton ind~ced reaction studies. At present the faciiity is being
gi~’en significantly ●nhanced capabilities. First, the Proton
Storage Ring (PSR), operational in 1985, will provide greatly
improved inter.sity, time struct~’re, ●nd repetition rate for
neutron experiments in the thermal ●nd ●pithermal energy range.
Second, an ●dditional target area is being constructed for Nuclear
Physics experiments which will take ●clvanta~e of multiplexed
operation and forward angle flight.-paths to greatl)’ enhance the
fast-neutron flux over that pres~ntly available. Finslly, an
ultra-cold neutron (UCN) source using neutrons from ● neutrlno
production target locnt~d mouth of the b?NR/PSR complex is under
development , In this pap~r we plan to review the UNR/PSR
operating characteristics lllustrat~d by some recent experimental
results,

EAULLI.XJKAMUQN

The WNR/PSR I:acllity is on- of”-evolal target areaa locatod at

LAMl’F, lJJ4PF is an 800 tlcVproton linac which ●imultanoously
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accelerates pulsed beams of H+ and H- ions with ● macroscopic
frequency of 120 Hz ●nd ● macropulse length of ●pproximately 833
microseconds. Because the first stage of ●cceleration operates ●t
201 lfHz, tho wcropulsa has ● sub-structure consisting of
●icropulsss which ●re separatad by 5 ns. The beam from LMPF to
the UNR can be provided ●ither as mscropulses, sections of
macropulses, or ●s macropulses which have been chopped to leave
micropulses with ● minimum separation of 360 ns. After
●cceleration. the proton beam is deflected from LAKPF to the
W?WPSR using a pulses or kicker ‘tignet which will operate at up
to 120 Hz.

The lmyout of the UNR/PSR is shown in Figure 1. Basically,
there are four experimental areas, Target-1. ● high-current ●rea
which 1S fed by the Proton Storage Ring (PSR), Target-z, a 10w-

current. low-return room with ●n ●xternal proton beam capability.
Target-k, ● medium-current fast-neutron nuclear physics target
area. ●nd an ultra-cold neutron source located ●bove ● n~utrino
physics production facility to the south of the UNR/PSR complex
Neither Target-L nor the UCN area ●re shown in Figure 1.

..

FIGLRE 1 The layout of tt.@UNR/PSR facility. The beam from lA?!l’F
enters from the right The UCN ●nd Target-& areas ●re not ●hewn.
h~c are lccated to th~ south of the complex aldng the proton beam

l~ne from I*PF ●nd on an extension of the beam line ~ritothe low-
currart target. respectively.
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The pulsed proton bream delivered to the UNR dlroctly from LMPF 1s
too low in paak intensity to allow the usa of shcrt pulses at ●

low ●nough repetition rate to be well suited to eondensod mstter
●nd low-energy neutron physics research. The PSR ●cts ●s ● pzoton
●ccumulator, converting the long linac pulses into ●ppropriately
short. very Intense bursts ●t ● low repetition rate. This then
allows time-of-flight experiments with low-anergy neutrons to be
conducted with sufficient pulse npacing to avoid frame overlap
through the neutron ●nergy range of Irterest. Although fast-
neutron experiments will not use the PSR beam ac the present time,
improvements to the LA?4PFchopper, bears transport system, ●nd beam
multiplexing syst~m as ● resul- of PSR technology have made ●

dramatic increase in the beam current available for fast-neutron
physics. This may be seen in Table 1 which comperas proton beam
operating conditions for the WNR with and without the PSR.

TABLE 1 LJU4PF and UNR proton beam characteristics

PSC-PSR

MACRO-PIJISE
MOOE

28X lo”

~ Ps

120 Hz

34 XIO”

PsE-m
MICRC-PU19E

MOOE
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10000”
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PcutPmJ

MACRO- PIJMI
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52x IO”

12 Hz

E25x10’4

100 MA

m-psrr
Mlcrm-PtJLss

MLmr

mps

58000”

18x 10”

During PSR,WNR op?r,ltion. the H- beam is deflected from the
litIacbv a pulsed megnet il~toa drift tube leading to the UNRYP51?
ccllllpl@x A skcond pulsed magnc+t can then deflect the beam into
the PSR In order to tranuport th- beam into the PSR a stripp@r
magnc+t is used to s~lectivcsly remove one electron converting the
H- to Ho w:th high efficiel~c~ alloving che beam to enter the PSR
ring through ● magnet. Benin-in then ●ccumulated ●nd rsturned to
line-D aftel a foil srrippor which converts the beam to H+ for
transport to the UNR targe’:s.

Construction of the PSR was begun in early 1982 and the
complex is curren:ly in op.:ratiull. A progr~sslva curr,lnt Inccesse
is planned with up ;O 100 microampercs planned for the VNR ta.:ge:
by the fall.of 19M6.
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XuxsLa
The high-current target ●rea has recently been upgrsded~ to cccept
●s much ●s 200 microampere of 80il-14eVproton beam. Here the
target-moderator and flight path geometry has been optimizod to
use the PSR beam structure of 270 ns ●t 12 Hz to produce ●n
intense thermal ●nd epithermal source, useful for both condensed
matter ●nd low-energy neutron nuclear physics studies.

This ●rea has a split target-moderator-reflector (~)
●ssembly located in the center of ● 2-.1 high, l-m diam. cylin-
drical void. ●nd surrounded by ● 4.2-M thick iron ●nd laminated
iron-concrete biological shield. The THR geometry will
eventually permit up to 17 neutron flight paths to operate
simultaneously with six separately optimized moderators. As
sh wn in Figure 2 the neutron flight paths view the moderators at

890 to the incident proton beam. ●nd the target is split so thar
●xperiments do not view the cencral neutron-producing target
directly, thus reducing fast neutron background. Initial modera-
tors will include two conventional poisoned ambient water

. ..*.. .- . . .
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FIGURE 2 The WNR high-current
TMR configuration. The present
arxaneement has twelve flight
paths viewing the flux-trap
moderators. Future flight
paths would view wing moder-
●tors which would be installed
in the upper target positior’

❑operators. a 20° K liquid H: cold moderator. ●nd a high-
resolution ❑cderator decoupl;d at 3 eV which has been optimized
for epithermal neutron experiments. For the ambient water
moderators preliminary calculations of neutron intensities ●nd
pulse widths for the flux-trap g@ometry are shown in Figures 3 and
L. wi~h this choice. the spectrum is 14axwe11-Boltzman at thermal.
but is proportional Co l/E at epithermai energias. In
addition. the p~’lse width is inversely proportional to velocity at
●pithermal ●nergies so that Time-of-Flight (TOF) experimerits have
constant energy resolution in rhac energy regime.

XAu&sd
The ●xisting low-current targ@t. lab@lled as target-2 in Figure 1.
is shielded for up to 100 nanoamperes of proton beam. This row. -
is designed to reduce room return by having ● low-mass floor ●nd a
6-meter wall-to-center spacing Because of the flexibility of

design, many djfferent experiments have been performed in this
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FICURE 3 Calculacod neutron
sp~ctrum ●mittcd et 90° to the
moderator surface from the UNR
flux-trap TKR.

Figure L Calculated pulse
widths of neutrons ●mitted
the WNR flux-trap TXI.

from
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area Most recently. theoretical predictions of target-maderator
;:;::;Q output for the upgraded UXR/PSR target system ha e bmen

“ and a variety of proton-induced reaction studiekx have

been carried out.
The target-moderator treasurements5 were performed using a

vertical. well shielded 5 6-m flight path located in the ceriter of
Target-2 The neutron det@ction scheme for those experiments has
been to use ● BF proportional count r to detect moderated
neurrons in the 3ine-of-zight ●nd a 3He counter to meaaure the

neutron intensity and rime profile by scattering from a pyrolyric

graphire cx-ystal.
14easuremencs of fast neutron spectra using the chopped. or

❑leropulse beam have been made using ● target changer placed at
the cencer of the room with neutron detectors positioned outside
Gn flight patt,~ of ●;proxjmately 30 ❑eters. These ●xperiments .

ha~ve typi~ally been performed to t@st Intranuclear Ca8ca~@
calculations. For such experiments ●ngular distributions ●t

anglca of 7.5°. I’Do,30°. ~S”. ●nd 6~0 ●re possible. Shown in



P. W. LISOWSKI, S. A. WENDER, MD G. F. NJCIUPAUGH

Figuro 5 ●re doubh diffcroxmial cross sections for the 238U(p. xn)
reaction ●t anglea of 7.5°, 15°. ●nd 30° recently obt~inad6 using
Target-*.

By removing the beam pipe ●nd allowing the proton baam to
pass through the &ir. it %s possible to have ●n exterrd proton
baam in the center of the room for various test set-ups and
irradiations. For example, beam-pd=e timing tests 7 Whic!l

measured the proton micropulse wid~h to be 200 ps EllHMwere
performed by measuring the time spread of the Cherenkov light from
● lucite rod co”~pled to a photodiode inserted in the beam in this
●rea.

%=–——————————7

-a*1u lo-

FIGUI?E 5 Double differential
tie’<obtained using T~rget-2.
Cascade calculations.

Id 10’
ml Imvl

238
cross secrions for U[p.xnl at 800

The histograms are Intranuclear

In order to provide a source of fast neutrons for Nuclear Ph~~{cu

experiments. ● new white source facility is under construction at
the WNRj’PSR. A layout of this area is shown in Figure 6 ●nd can

be seen to be located on an ●xtenBin,n of the beam transport system
for Targe:- 2. In this farllity. there are three ivp.~tant

features. First. the fl@xibilicy of the existing Target-2

arran~?ment will be maintained by using an 8° benting ma6net to
eievate the new whita-aourca flight paths above th~ae of Target-Z. -
aa illustrated in Figure 7. Second. ● hi~h-resolution small-angle

(~,n) ●xperimantal facility locaced along Line-D at WNR. which had
to be moved becauae of conflict W!th the Neutrino Facility. can L*
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FIGURE 6 Tlm laysut of
tha UIUR Targat-6 whica -
naucron courco. Th
dotoctor station located
on chc 30° (right)
flight path is planned
for (n.x ) ●xperiments.
tha one on the 15°

(laft) for (rip)
●xp~rimants.
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operated simultaneously with the white source in thin ●rea.
Third. the neutron flight paths for the new facility view the
>roduccion target at fomard ●nglea instead of 90° ●m in the old
Target-1 arrangamenc, thus providing a aourca ●xtending to nearly
800 ?leVwith greatly increased neutron intensity ●bove about 20
Me’?.

Target-6 will have seven flight patha viewing the production
target at an~les ranging from 15° to 90°. The neutron source
srrengtha at ●ngles of 30° ●nd 112° ●re shown In Figure 8. Th se
results were comput@d from measured thin-target cross aeccions !

for 15-cm thick targets. Comparing 30° ●nd 112° rosulta for
copper chows that the source strength for forward anglea remains
nrarly constant to 500 IleV; furthermore. there is more than ●n
order of magnitude ❑ore intensity for neutrons with ●narglos ●bove
60 meV. The solid curv~ in Figure d gives tha yield for tho ❑ ost -
intense laboratory source of ❑o oenergctic :leutrons, che H(t.n)
reaction. Here the calculation b was performed with ● pulsed beam

current of 0.5 ❑icroampere of tritium b-m. The mara
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FIGURE 7 A side view of WNR Target-4, The proton beam is
deflected 8° up into Target-4 from Target-2. The target changer
for high resolution (p,n) experiments is located in the magnet.
For ❑easurements at angles greater than 8°, the proton beam is
bent down into the beam dump.

co~on 14 NeV source, the d-T resonance reaction would yield about
10 n/s/sr/HeV. For comparison with an existing
facility, Figure 9 shows

~hite source
he number of neutrons/cm /see versus

r,eutron energy for OREIA 18 and UNR Target-4, In this comparison,
similar to that in Reference 3, the overall timing for detected
ngutrons was taken ~o be 1 ns for ~ and 5 ns for ORE~, The
numbers in parenthesis give the number of pulses and th-~ flight
vath needed to maintain an ●nergy resolution of 8.8x1O , Other
parameters used in the calculation are given in Table 2.

Target-4 construction ia planned tc start in late Hay of
1985 with three flight paths to be implemented in time for
experiments to be performed during the 1986 LMPF Cycle. The
three flight paths to be implemented ●re a 250-m flight path for

high resolution medium energy (p)n) reaction studies, a 15-m
flight path at 30° for fast-neutron capture and gamma-production
experiments , and a 65-m flight p

!f!l?tli50
for (nlp) experiments.

The (p)n) ●nd (n,xy) experiments I have ●lready produced
uniqu~ nuclear physics Information from init?.al experiments

Figure 10 shows cross
~~~~~~~u~~~n:tf%i2C(p,n) ●t three ●ngles.

~fction ●ngular
These spectra

illustrate tha ●bility of experiments ●t WNR to cover a broad
ranBo of nuclear excitation. Tl~espectra on the right ●i,ow●

high-resolution plot of the low ❑omentum-transfer region showing
.

for the first time for (p,n) reactions ●t 800 !le\’,● resolved
nuclgar transition. The spectra on the left ●re low raaulutlon
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FIGURE 8 Calculated
neutron ●ourca strengths
for ●ngles of 90° (top)
●nd 112° (bottom) for 1
micros.mpera of 800 HeV
proton beam incident on
15-cm thick targets of
different materials.
The ●olld curve labelled
H(t,n) is calculated for
an 0.5 microampere
tritium beam producing a
monoamrgetic neutron
beam

plots of the oame data but extendin~ to the delta-production
region near 1050 HeV/c.

Cold lieu~ron Sourcg
Located to the south of the WNR/PSR com?lex as seen in

Figure 6, there is ● neutrino ●xperiment. The beam dump for this

area was designed to be a very efficient thermal neutron ncwrce,
Here , one Hz of the beam used to produce neutrinos in a carbon
target is planned to be steered directly onto a tungsten beamstop.
A vertical neutron flight path, installed ●nd tented in 1904
permits thermal neutronm from an ●djscent moderator to be .

extx’acted and used, The UCN are then produced by Dopplor shifting
000 ❑eter/second neutrons by Bragg reflection from ● moving
crystal. The apparatus for this waa drveloped ●t Argonne National
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FIGURE 9 Comparison of
neutron fluxes from the
ORELA ●nd UNR facilities.
The quantit~es in
parenthesis represent the
frequency and flight path
to achieve maximum neutron
flux in the ●nergy inter--al
E for the given resolution.
The quantity in parenthesis

b:- the facilicy name is the
pulse width in nanoseconds
used in the calculation.
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TABLE 2 Machine parameters used CO cal~ul=te Figure 9

FACILITY Pl!lSE FREQUENCY AVERAGE BEkU
(*)

TARGm
~lRR:NT OR ~w~

ORELA lom 10 kW Ta. &=22cm

WNR ‘aooo <2 WA - 15-cm LONG
@=3&A4=22cm

Laboratory and is in place at the WNI. Figure 6 shows a lavour of
the neutrino area with the UCN flight path near the center.

Although several experiments have been proposed for the l!CN.
a measurement or lowering of the lfnit of tliemagnitude of ttle
electric dipole moment (EDH) of the neutron 1S the most important.
For EDPlmeasurements of the type planned here the accurac:~ of the

result depends cm the number of neutrorls stored in a bottle. For
this experiment the number stored asymptotically approaches the
peak neutron flux. At spallation sources such as UNR, the peak
flux is expected to be an order of magnitude better than from any
reactor yet built. A further advantage will come from running a
cold moderator more closely coupled to the spallation bOUrCt! than
is possible in a reactor, thus Increasing th
neutron moderation. A density of 120 UCN/cm

~ efficiency of
is expect~d if ttie -

PSR beam is used with an optimized UCN b trle.
9

This may be
compared with the

!!
ensity of O 05 LiCN;cm reported in 1984 by

Pendlebury et al.l
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Figure 11 Elevation view cf the neutrino facility located ●t the
WNR , The neutron flight path to the UCN apparat-lb is indicatad by
the label NEUTRON PIPE near tho center of the drawing.
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The UNR/PSR Facility will ba operational during 1985 for Condensed
Hmtter researct, s the most intanse pulsed-neutron source in the
world. By ~pring of 1986 the faint-neutron capabilities will be
greatly ●nhanced with the ●ddition of a multi-use white-neutr(n
source for tasuramenr? in the 1-500 lhV range, ●nd a 250-m flight
path for (p,n) reaction stud.les. Thiu facility will be heavily
:sed by the Loe hlamon mtaff for a variety of baaic and ●pplied
research, but ~roposals from outside collaborators. or groups
wishing to conduct ●xperime~~ts ●t thm WNR/PSR are encouraged.
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